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Abstract 
Neutron activation technique for solid state nuclear track detectors CR-39 has been applied to 
determine uranium concentrations in beef and lamb samples collected from selected regions in Iraq. 
The results show that the uranium concentrations in beef samples ranged between (6.84 – 12.75 μg kg-
1
), whereas uranium concentrations in lamb samples ranged between (4.70 – 8.37 μg kg-1). The results 
indicated that the mean value of uranium concentration in beef and lamb samples of the southern Iraq 
region is higher than those of other locations. The levels of uranium concentrations in animal tissues 
are normal and lower than limit recommended by ICRP. 
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ةصلاخلا 
 ةبمصلا ةلاحلا يف يوونلا رثلاا فشاوكل ينورتوينلا طيشنتلا ةينقت قيبطت متCR-39  موحل جذامن يف موينارويلا زيكارت ديدحتل
 نيب تحوارت راقبلاا موحل يف موينرويلا زيكارت نا جئاتنلا ترهظأ .قارعلا يف ةراتخم قطانم نم اهعمج مت يتلا مانغلأاو راقبلأا(6.84 
– 12.75 μg kg-1)  ، نيب مانغلأا موحل يف موينارويلا زيكارت تحوارت نيح يف(4.70 – 8.37 μg kg-1) . نا ىلا جئاتنلا تراشأ
 تايوتسم .ىرخلأا قطانملا يف كمت نم ىمعا قارعلا بونج ةقطنم يف مانغلأاو راقبلأا موحل جذامن يف موينارويلا زيكارت ةميق طسوتم
 لبق نم هب ىصوملا دحلا نم لقاو ةيعيبط ةيناويحلا ةجسنلأا يف موينارويلا زيكارتICRP  .   
 :ةيحاتفملا تاممكلاا زيكرت منغ محل ،رقب محل ،يوونلا رثلأا فشاوك ،موينارويل     
Introduction 
Uranium is probably available everywhere in the environment. It is present in 
the earth’s crust, groundwater, surface, drinking water, food of vegetal and animal 
origin (Merkel et al., 2002). Due to its radioactivity and heavy metal toxicity which 
presents a serious threat to the environmental balance and human health, uranium is 
regarded as one of the most dangerous pollution interests )Al-Hamzawi et al., 2014a; 
Zou  et al., 2011). Uranium might affect humans in different ways, including an 
internal and external exposure. Internal exposure to uranium happens through the 
ingestion of polluted water and food or through the inhalation of polluted air. The 
natural uranium is still the main source of exposure for human beings. There are other 
activities that may contribute to the presence of uranium in the environment, including 
uranium mining, milling, leaching from natural deposits, fertilizer production, nuclear 
energy and nuclear weapon production (ATSDR, 1999; Boice et al., 1996).  
Previous studies on the biological and health effects of uranium have found that 
uranium deposits in the bones and other human organs is subsequently released back 
into the blood stream, which causes several health problems (Stearns et al., 2005; 
Miller et al., 2003). Fission track analysis technique (FTA) with CR-39 nuclear track 
detectors (NTDs) is the effective method to determine the trace concentrations of 
uranium in biological samples. There are many studies which have been carried out to 
investigate and determine the concentrations of uranium in different biological 
samples, including (blood, urine, human and animal tissues) using fission track 
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technique (Al-Hamzawi et al., 2015; Al-Hamzawi et al., 2014b; Tawfiq et al., 2013; 
Saleh et al., 2013; Tawfiq et al., 2011).  
The paper aims at determining concentrations of uranium in red meat (beef and lamb) 
collected from different locations of Iraq using CR-39 track detectors. Red Meat is 
highly nutritious. It is the primary source that supplies the human body with the 
necessary protein, nutrients and other vitamins such as iron for its growth.  
  
Materials and Methods 
In this study, 12 samples of red meat (beef and lamb) were collected from 6 
governorates in Iraq, which are Karbala, Babil, Diwaniyah, Dhi-Qar, Muthanna and 
Basrah as shown in figure (1), where the average age of the cows in this study is 
higher than the sheep. The experimental technique for the determination of uranium 
concentration is the same as reported elsewhere (Al-Hamzawi et al., 2015; 
Tawfiq et al., 2011). FTA with sensitive plastic nuclear track detector (CR-39, 
Pershore Moulding Ltd, UK) is used to determine the uranium concentration in beef 
and lamb samples. Each sample was washed with filtered water to separate the 
contaminants. The samples were dried and then ashed at 250 
٥
C. The ashed samples 
were sufficiently milled and stored in plastic vials. The ashed tissues of (0.5 g) were 
mingled with (0.1 g) of starch which is used as a binder. The mixture was pressed into 
a pellet which has a dimension of 1 cm diameter and 1.5 mm thickness. Both sides of 
the pellet had been covered with CR-39 track detector. The pellets were located in a 
dish of paraffin wax at a distance of 5 cm from (Am–Be) neutron source for 7 days 
with a thermal flounce equal to (3.024×109 n cm-2) in order to cause latent damage to 
the CR-39 detector due to 
235
U (n, f) reaction. The setup of the irradiation the 
detectors and samples of the neutron source is shown in Fig. 2. After the irradiation 
process, the CR-39 detectors were etched in NaOH etchant solution under controlled 
conditions as reported elsewhere (Al-Hamzawi et al., 2015; Al-Hamzawi et al., 
2014a). The induced fission track densities were recorded using the optical 
microscope with magnification of 400 ×. Fission track density was measured via the 
following equation (Alter and Fleisher, 1981):  
  
              ( )    
                       (      ) 
                  
                                                              (1)         
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Figure (1): The location of the governorates involved in this study 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
Figure (2): The irradiation of the detectors and sample to the neutron source 
 
Uranium concentrations in beef and lamb samples were carried out by comparing 
between the densities of track registered on CR-39 detectors around the sample and 
that of standard samples, via the following equation (Al-Hamzawi et al., 2015; Khan 
and Qureshi, 1994):  
  
  
 
  
  
                        (2)  
Where   and   are the induced fission track density for unknown sample and 
standard sample in (tracks mm
-2
),    and    are the uranium concentration for 
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unknown sample and standard sample in (μg kg-1), the final equation becomes:   
      (
  
  
)                                                                                                             (3)                   
 
Results and Discussion 
 
The analytical results obtained from the beef samples are involved in this study 
are shown in Table 1. From this table, the highest value of uranium concentration 
obtained in beef samples is 12.75 ± 0.32 μg kg-1 found in sample T6 from Basrah 
governorate, whereas the lowest value of uranium concentration obtained is 6.84 ± 
0.21 μg kg-1 found in sample T2 from Babil governorate. The mean value of uranium 
concentration in beef samples is 10.14 ± 0.36 μg kg-1.  
Table 2 illustrates the uranium concentration in lamb samples. The highest value 
obtained in lamb samples is 8.37 ± 0.38 μg kg-1 found in sample T11 from Muthanna 
governorate, whereas the lowest value obtained is 4.70 ± 0.18 μg kg-1 found in sample 
T8 from Babil governorate. The mean value of uranium concentration in lamb 
samples is 6.95 ± 0.31 μg kg-1.  
       
Table (1): Uranium concentration in beef samples 
  
Sample 
code 
location Uranium concentration  
in (μg kg-1) ± S.D  
T1 Karbala 8.76 ± 0.46  
T2 Babil 6.84 ± 0.21 
T3 Diwaniyah 9.69 ± 0.32 
T4 Dhi-Qar 10.89 ± 0.44  
T5 Muthanna 11.91 ± 0.33 
T6 Basrah 12.75 ± 0.32  
Mean ± Std Error 10.14 ± 0.36 
Table (2): Uranium concentration in lamb samples 
  
Sample 
code 
location Uranium concentration  
in (μg kg-1) ± S.D  
T7 Karbala 6.12 ± 0.19  
T8 Babil 4.70 ± 0.18 
T9 Diwaniyah 6.78 ± 0.28 
T10 Dhi-Qar 7.53 ± 0.43  
T11 Muthanna 8.37 ± 0.38 
T12 Basrah 8.19 ± 0.41  
Mean ± Std Error 6.95 ± 0.31 
 
Table 3 shows the mean value of uranium content in beef and lamb as a function 
of location. From this table, the mean value of uranium concentration in beef and 
lamb samples of the southern Iraqi governorate is 11.85 ± 0.36 μg kg-1 and 8.03 ± 
0.40 μg kg-1 respectively, while the mean value of uranium concentration in beef and 
lamb samples of central Iraqi governorates is 8.43 ± 0.33 μg kg-1 and 5.86 ± 0.22 μg 
kg
-1
, respectively. It is obvious that the mean value of uranium concentration in beef 
and lamb samples of southern Iraqi governorates (Basrah, Muthanna and Dhi-Qar) is 
higher than those in central Iraqi governorates (Karbala, Babil and Diwaniyah). The 
high concentrations of uranium values in samples from southern Iraqi governorates, 
can be explained as being due to the ingestion of the uranium contaminated pasture 
grass due to the radiological contamination of soil as a result of military activities 
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during the Gulf Wars (Al-Hamzawi et al., 2015; Fathi et al., 2013; IAEA, 2010). 
Where southern Iraq is agricultural region, so the nutrition of the animal depends 
essentially on the vegetable and grass. Therefore, the uranium concentration will be 
increasing in vegetation of animal. However, Southern Iraqi regions are considered as 
dry areas with the dusty climate at most of the time of the year, even in the rainy 
season in Iraq. Therefore, air is also regarded as a health hazard, and dust particles 
containing Naturally Occurring Radioactive Materials (NORM) also act as a 
contamination source of the organisms. 
 
Table (3): Mean value of uranium concentration (μg kg-1) in beef and lamb 
samples as a function of location 
 
 Location  Mean ± Std Error 
Beef  southern Iraq  
central Iraq 
11.85 ± 0.36 
8.43 ± 0.33 
Lamb  southern Iraq 
central Iraq 
8.03 ± 0.40 
5.86 ± 0.22 
 
As can be seen in Figure 3, the average value of uranium concentration in beef 
samples is 1.46 times higher than the average value of uranium concentration in lamb 
samples. The reason can be attributed to the fact that the age of cows is higher than 
sheep where there are many studies indicated that the uranium content is correlated 
with the age of the living organisms (ICRP, 1995a; ICRP, 1995b). The results indicate 
that the levels of uranium concentration in biological tissues for the animals which are 
normal and lower than limit recommended (1.5 mg kg
-1
) by ICRP (Tawfiq et al., 
2011).  
 
 
 
  
 
 
 
 
 
 
 
  
Figure (3): Average uranium concentration in beef and lamb samples  
 
Conclusion 
From the results, it is found that the uranium concentration in beef samples is 
higher than the uranium concentration in lamb samples. The mean value of uranium 
concentration in beef and lamb samples of southern Iraqi governorates is higher than 
those in central Iraqi governorates. The recorded values were found to be within the 
acceptable limits recommended by ICRP.  
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